Disulfide bond-dependent mechanism of protection against oxidative stress in pyruvate-ferredoxin oxidoreductase of anaerobic Desulfovibrio bacteria.
Oxidative decarboxylation of pyruvate forming acetyl-coenzyme A is a crucial step in many metabolic pathways. In most anaerobes, this reaction is carried out by pyruvate-ferredoxin oxidoreductase (PFOR), an enzyme normally oxygen sensitive except in Desulfovibrio africanus (Da), where it shows an abnormally high oxygen stability. Using site-directed mutagenesis, we have specified a disulfide bond-dependent protective mechanism against oxidative conditions in Da PFOR. Our data demonstrated that the two cysteine residues forming the only disulfide bond in the as-isolated PFOR are crucial for the stability of the enzyme in oxidative conditions. A methionine residue located in the environment of the proximal [4Fe-4S] cluster was also found to be essential for this protective mechanism. In vivo analysis demonstrated unambiguously that PFOR in Da cells as well as two other Desulfovibrio species was efficiently protected against oxidative stress. Importantly, a less active but stable Da PFOR in oxidized cells rapidly reactivated when returned to anaerobic medium. Our work demonstrates the existence of an elegant disulfide bond-dependent reversible mechanism, found in the Desulfovibrio species to protect one of the key enzymes implicated in the central metabolism of these strict anaerobes. This new mechanism could be considered as an adaptation strategy used by sulfate-reducing bacteria to cope with temporary oxidative conditions and to maintain an active dormancy.